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303554 Dams Engineering (3 Credit Hours; 
Prerequisite: 303322 & 303352) 


1-Different types of dams, 

2-choice dam according to sight location, 
3-type of forces acting on dams, 

4-design and construction of different types of dams: 
- gravity dams, 

- arch dams, 

-buttress dams, 

-hollow dams, 

-earth and rock-fill dams 

- cofferdams, Weirs, 

-Spillways dam tunnels and gates; 

- quality of water retained by dams; 
-environmental impact of dams construction 
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Description of course Dam Engineering 


1-Different types of dams 
2-choice dam according to sight location 
3-type of forces acting on dams 


4-design and construction of different types of 
dams(gravity dams, arch dams, buttress dam, 
hollow dams, earth and rock-fill dams cofferdams 
,Weirs, spillways dam tunnels and gates) 
5-Quality of water retained by dams 


6- Environmental impact of dams construction 
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FIGURE 1. Structures for harnessing water resources potential of a river 
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Types of dams 
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° 1. Embankment dams, which are constructed 
of earth fill and/or rock fill, and 


° 2, Concrete dams, which are constructed of 
mass concrete 
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FIGURE 2, Principal types of earthen embarkment dams 
(a) Homogeneous with toe drain, 
(b) Homogeneous with chimney drain & horizontal blanket , 
(c) Zoned with clay core chimney drain & horizontal blanket , 
(d) Zoned with earth & rockfill 
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2-Rock-fill embankments 
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FIGURE 2, Principal types of earthen embarkment dams 
(a) Homogeneous with toe drain, 
(b) Homogeneous with chimney drain & horizontal blanket , 
(c) Zoned with clay core chimney drain & horizontal blanket , 
(d) Zoned with earth & rockfill 
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Figure 441 — Typlesl cross-se-ction of a dam with ssphaltic concrets 
Core Wall 


Heights are expressed in metres above 56 level. 
ns Dimensions are in metres. 


Imperious Byer (dense grade asphalt concreie) 
termediate drainage laver (open grade asphalt concrete) 
Lower mpervious layer (dense grade asphalt concreie) 
Levelling layer (cosrse grade asphal concrete) 

Macadam layer (coarse grade asphalt concrete) 


Transiion zone 


Figure 726 — Yashio dam, Japan 1992 cross-sections of dam with inspection gallery and 
facing” 
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Concrete Dams 
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FIGURE 4(a) Concrete Gravity dam 


Gravity dams 
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Salal project on river Chenab showing energy being dissipatéd by skijump 
bucket type energy dissipators 
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The Essential Components of 
Buttress Dam 
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FIGURE 46 Buttress Dam 


Method of joining slab to buttress 
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3, Arch dams 
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FIGURE 4. Principaltypes ofconcrete dams(continued) : (c) Arch gravity dam ; (d) Cupola or double curvature - arch dam. 
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3-Hollow gravity dams 
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FIGURE 5a: Hollow gravity dam 


Ficure 5b. Multiple Arch dam 
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Classification based on function: 
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1- storage dams or impounding dams 


2-detention dams 


3-Diversion dams 


4- coffer dams 
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Fig. Section of Rockfill Cofferdam 
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Classification based on Hydraulic 
design 
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Classification based on Material of construction 
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° 2-non-rigid dam(embankment) 
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Classification based on structural behavior 
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Classification based on size 
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Selection the dam site 
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Factors governing selection of type of dam 
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1- Topography-valley shape 
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FIGURE 6. Topography of a typical damsite area showing possible alternate location 


Topography-valley shape 
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FiGure 7. Typical valley shapes (a) Wide valley with deep overburden ; (b) Valley with little overburden ; (ce) Narrow valley with little 
overburden ;(d) Valley with irregular deptn of overburden 


Shitsumi Dam Reservoir 
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2- Geology and foundation conditions 
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2- Geology and foundation conditions 
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FIGURE 45. Cut off tréenches 
(a) Positive cut-off 
(b} Partial cut-off 
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2- Geology and foundation conditions 
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FIGURE 32. Excessive settlement of dam and foundation 


2- Geology and foundation conditions 
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4- Spillway size and location 
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4- Spillway size and location 
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Spillway types and location * | 
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Spillway tvpes and location 
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Fqure 15. Tunnel spi wifi a emoming ghy cetrance. 
FIGURE 13. Section through a shaît spilway 
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5- Environment and public opinion- 
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6-Earthquake zone 
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2-Preliminary investigation 
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3-Final investigation 
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+ Note: Thereis no distinct line of demarcation 


between the preliminary and final investigations 
of dam site and often one blend into other 
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Reservoir storage Volumes 


(Minimum) dam-crest elevation 
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Lefinition sketch of reservoir storage volumes. 
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. Series of grout holes forming a grout curtain 
shown in-elevation of a concrete gravity dam 
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Usual loading combination for a gravity dam 
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: Variation of c,, with inclination of the upstream face 
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HA: Horizontal carmthquake force acting in the upstream direction 
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FIGURE 30. WVorst combination of earthquake forces under 
reservoir empty condition 
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Fig. 3.1 Gravity dam loading diagram. DFL=design flood level; 
NML = normal maximum level, i.e. maximum retention level of spillweir; 
TWL = tailwater level 
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Stability against overturning 


n,=Factor of safety against overturning about o 


n, = sum of moment of overturning forces divide by 
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(a) Reservoir full condition (b) Reservoir empty condition 


Fig. 16.4 Resultant force on a gravity dam 


Fig. 16.5 Nommal stresses on the base of a gravity dam 
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Fig. 16.6 Pnncipal stresses in a gravwity dam 
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FIGURE 10. Typical installation of a water stop near upstream face of dam 
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FIGURE 11. Cross section of a PVC water stop 
(AN dimensions are in mm) 
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Fig. 3.20 Zoning of concretes in high dams (H = 100m) 
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Monticello Dam in California 
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Idduki Dam, across Periyar River in Kerala state 
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arch crown 


section À — À 


Au JAN à paul) le 5 gall (5 58 
Forces Acting on Arch Dams 


3 ghull (de 8 jisall Lesl (ca du sal) s saull Cle 5 sel us sll Çilé La gac 
: LÀ Us all a 9, Aalsil| 

(otall DA | «s $ 

Sul di À 

AN ce sl 
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AS. Louis 

All (03 Lee Auu all a sal (à Cali (5 Sal Aimuill dia YI 

Say Leger 5 jme jai se + es çgilalll gi j1l ç5 58 Dci 
jaall ahull jess cons Lyllea | 


JlxiŸ| 39 )5 À sil Cal juil) 9 ART Qu Cale Y| OÙ Lai 
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Arch dam analysis 
BY NI 5 ONEYI Ge (us sil ul Ji iul Hs à sgie 
Au säll 3 sault, AU AL 3j Abe AJ Ai s paul à LS 
Aa Nu (a D js 8 jte AL Aus (a sal dal Ji 
ai sl CAS Yi 3 CuluYl 3 
Slaes Yet ASUS (un sal) audi Jià 3Ù ist ass ll 
.(overstress ) 


ls le Jus Ris dates (eu sôll dull avast (8 él 
Si Quai (A al Aiumigl AY TRE AL Cates Y| 
l dille a cul 5 JS ja Lx Cialesl sl Ass a Cililgsil 


Aù JB Lee O2 prb (3 js Bas Au ll à stuall apart (Gas 
(Thin Cylinder Theory)isé jt 4 LV) À y 


ASS 1 it lauÿ) ds Ja … 

Thin Cylinder Theory a VA 

Lot Yt A 8 pâle és Oo siull ©5355 eball G59 ol « 
Juill, étg ail (all à La Ai Lil) Yi Jaal 
ss sil 

pau Cuisi Z, (ac Mie) Alaiall 4183) un sall puoliell e 
Je pd 116 8 af LE Les dd 1 2 lufetat 
P, bi ob es a ile Lis I 


Py = 2 Ywy Z1kRuy Sin 0 
Lg ail ge ce Jaill 3 3 ge Lai GI 555 5 sâll où 
2R sin E=cluluYl 3À ( sul 5 js etai) 


LKR Ssn0 = 2°y,,; Z1kR, Sin 60 . 


R = Yw Liu 


ASS 11 il dut du Jai 
Thin Cylinder Theory 


(Tt) all 4Laull Cuis lil 
_xaal| Yet CA 3 Jos 5 5 Ji 
des! cé (Ru) sl a sl 


ei — KR E | | 
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! Si dia 5 
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A5 Li Cialgst Ji lag 
LES Jaiÿl etait 
DS 83 pal Re 13 JE La pue 
U2xs À 10: no CH 
(0.1-0.5)H: all 53e all 


ASS 11 il dut du Jai 
Thin Cylinder Theory 
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St Oil ans plan (M 45 5S jali 4 51 5H 
Central angle for minimum concrete. 
AB ue all ç5s çoïl sil je 5asl, All Gsiull as Cle 


V = R,A20 =268R,T, 
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sin ® Gp 2sin6 


QisŸt Gill ans hr A À 3S pat} 4 91 51 


Central angle for minimum concrete 
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EN 207 sin< 6 
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de 
o \ sin“ 0 — 26 sin 68 cos 0 
\ sine 
tan @6 — 26 


2901= \135" 34’ 


ET LR « . . Nu . “., Dis 


(acts j! Ge 10 m dS vie all Lau aus) Cut 53 
ac all C3 quuie die 9 (B=100 m) AAall Me si sil Le > 
Alu SI Alesis 1.0m all die 4SLaull; 90 m ail 
Xw=10KN/m;:26=1400 


Ji 
se nyÂilisall (âlee Y sic (al sl Ce pall asie e 
(Sel ST 3 9 8 
Bn=28+((100-28)/9)*n 
Àaal| Un suuie Mie jai Casi Cilus-Y 
Ru=(B/2)/sin6 
=(100/2)/sin70=53.23 m 
eo : All CA, Clans ASLaull 3 6 À ol 5 
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ddl ra pl eheñall Aa 
Design of Dam Cross Section 


Aañña 


+ gi LAS y sud all ail) aps Jet 


eo Ci gas dll els )l Jasi -T 
Call ssl -1-1 
hill asall -2-1 
Dball e 3 as - 3-1 
Dei UN -4-1 
ll ei C5 je Aisi-2 
Lilas ci slul 3 Auilall aull Jyse anai-3 
ei els Gall, HDll-4 
Jull EU) Las. 1 
ŒIL 3 die 5 ja US Anais all GIE Ci a lus (je à Ÿ aull gli jt aasil 
OS sÀ Ce SM 8 js anal Gill AS All à ss Cu (1) JS «alèall gas NI 
Ali dll ciel JYI QU 3 5 pamall Aélig all Cunutiall s285 (As all 


(Minimum) dam-crest elevation 


Freeboard "4 Maximum design-pool elevation 


Surcharge Emergency 
storage spillway crest 


Retarding-pool | 
storage 


Dam height 


Ê 
3 
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Effective dam height 


Not to scale 


Definition sketch of reservoir storage volumes. 


Ca SN 8 jus as UCI AilaAl à gaall Gun (1) JA 


r Audi 8 ant  jradli ciiaiall 
Gill 5 audi 5 juaul 5 juadll Ciliaiall au Ge AY ciel JV 5 Cu JA soma Con das 
AL JS 5 De 3Y On ll els ç CSN aps 3 Ca que Cu Aa qu 55 
.(2) SA SH (Die 10001) autre polie ul 8 sal Al à al 
Reservoir characteristics 
A in m? 


Reservoir surface area 
A = f(H) 


Reservoir 
storage volume 
S = f(H) 


S in m*° 
Cylindrical approach: AS, = —i—#}? Ah, 


Simpson rule: AS, = LA +A,,; +4A,)-Ah, (with As at Ah/2) 


dull 8 jsil 8 radll Clisiall(2) JS 


dll aus LOL Cilsllinall (xs grue 5 5 joue (3) aa] 


call apall - 1-1 
De ssl Ge Ji (A Cibu qu lis éalall CilarinuY aull 5 js Ce 8 js vais 
goal le abll Sul JS Ge anal ia Quuss aull 5 pas (à munis cilull 
Gall pas Gilus Gas (Ÿ à) Uhall ass Baals à all 5 ji gants (ill 
cisull 5liie Gigi dass 583 Ai 45 ÿR all eljall laut (Se Ÿ apsll la 5, 

ul je juil 


Foreset 
Bottomset 


Maximum pool el. 


du 8 june à ous JU (19h elial Jia. (4) JS. 


qodass sl! ç5 siull (Sitall à} ll Aie Cidle ISI du 5 pins (à Call ess dasi ill 
perte Pré} et LA snûn À PE 384647 Aie) 
lc (1.2-1) 3 5353 Qiul 3 JÙ ) saxall 


sy 


A/5L 576.97 =1000/384647* 1.5 =cus j1 4e 

DS aa jia/Gh(1.2-1)agias 38 slgall oàgl pañall agall Gjsli oi Layiil là 
gi Agé ajgall ana 

3a 480.8-1.2/576.97= azal 


: US Liu gui à 

32 24040-480.8* 50= 331 

+ 824040 (call apall 5j œuulg ti Lies) cilll Glyall ga lioi Sa 

ds 0 58 (SA 3 Call (y JS  guuie (guy Le 3355 5 psall jpacll (isiall 4 ras 
Y 5 AdtssSes Ÿ ci dl Mia Cia HN Go jall siggtänalt $ jiall ci pue 


 )\ ja 


il) apall -2-1 
19! a253 LS 5 lelst Ce aull List (M Aa dll OS EU anis (dll anal 5a 
6 ja la sas Lilé 5 all li As (oûll anal GS ÿ all Ge Us all (oilall 
A, Lil jé pli mou OL pis (cs siull si co eûll) (éilall 3 14h le Ilaïol 
Gall alasiuts aull à ge QU 80 jt À jet Cas LS udle 1) asall ia masi ais 
Aulliiall saëll Àû 31 9 All isiall Aa 5 (Jia lan Àsss gall 
PORN NNETUE VIRE ds is 
ce es 6 a a5 9 5 ca 5 ele eus 
7 Ga cé pal algalla LÉ pd] jee mél dass me dla ju obel 
dll se Ji (al. 
AI Al W çé shall 3 3) ll Gus s 


W=P.A.C .10° 


5 (es) cs sil cs ball Jskgll- P 
(225$) aituall un ssl Âstue - À 
(%) Où sll Jales- C 
:Jlis 
15,625 4islue Lis use (58 À giull SV shell sé Cou CAN Jsasdl- 
aussi ci glldll «(anlall as sil ali plais us) Aitis YLast 226 
vassal g Se die alu aul cudll agall; (htill agall 


95 15 610) 25 10 5 1, des 
jstsll 
% 


165,4] 255] 318,8) 375] 423,9| 451,2] 500,8) dskal 


ah ll Cuutidll giitul s AL (Jsaall Al sell Aull à sal 5 jaadll Cbiaiall au je Ÿ 


1268.5| 1267.5) 1265] 1260] 1255] 1252.5| 1250 | 1245 | & guiall 
m 


1.15 0.93! 0.74! 0.45 0.2 0.1! 0.05, 0.02 ee 
v*10 


3 
m 


Jai 

de M TO 5: Cf me 
Si C=0.2 hs débes Li hs e(8asls 8 je OI SN Gas cuis JS) 50 dits 

W=P50%.A.C =318.8*0.2*15.625*10°=10°  m° 

hill apall gl ie Vl JS AY Gigusdll Jill aps Ge 10 aus aù ABS Ne 

3 10° *0.9 

Ci qu aps Qausi 0 =1.2 t/m° akll esall 553 Ge pbs V Cul aps) qasil- Ÿ 
ob Las À siull 


V1 year =W*a/p=10 °*1.5/1.2*1000=-1250  m° 


JD 3 «1.5 kg/m° cs su 3 all QI à ji gl oluall (à All sal 5 aus 
: o hie Cilu qu ll Ce ans gant Liu 50 (2 ii (éarausi jac 
V 50 year=V1 year*50=1250*50=62500 m° 


audi 5 pysal 8 jpodll Cilisiall (je Lel Âal gall Cuuliall sisi voi CS a52s 8 yes 
ll JA le pu sa _jtaall isiall -2 


Volume vs. Elevation 
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dll 5 pusl jradll isiall (5) Kill 


Ca JS di gun Lei Lu 355 1251.52 Cudll Cu JS Gi quie Of «5 ji isidll Ga 

LL 5 81268.5 lui 
Obaill 5 j3 ans 3-1 
el lé à 036 OÙ Sas die Âlaalls Cteaill o jal cuarañall ; 8 ja Ce pal 38 
Dial EU 3 585 de las aie Yi CA Gélsall) coatall Àui cine Cu y snanall 
Maximum sarl hill a, pal (Sél gall eLall gli )l 3 ( surcharge storage-4ll 

lsill Às ge CiaiuŸ 5 jaull ass Ge + js vasñs si «(design pool- elevation 
uagéall Lei Cipuie Cu apall LL YL (Retarding storage &ex)la mi sf (aroaill 
(surcharge storage) arasill Cas ill (él sall sLall ci qua (AI 
Et en) als ail la clall SCC : 10 Y 
isdes CH JS ss ll SIA Cas il isie CN AL YL (hi guiall ge anal A ; 
| aa CAEN GA ia À Ella NN pue cocasiall cày poil 
-O=AS/At 

(3 +) um je # jai cu peïll + Os (V3 +) au 8 as QU alali cùs putlie Lin 
JS CAS jlas Cas puni Îles (ya 38 59 5 (coañall ai © guuie Ca (let slall GS guuia OS 13N) 
AN pal 


O=Cd.L.(2g)°°.H#? m°/s 
AS5(90) a puaïll Jalee Cd 5 caañall ci ci gui (3 58 (ill Lélall Laë H Lin 
(e) uzséall JE L's6 (6) Aluall ie SN 5 il At 5) 5 as 5 
Ca praill Laé ya JE Aa GG call Ge JA ahe Y Ci paill La à sale 
Aglaill 71 50Vl polau (ous la ge ul 5 jus (AI 3 ji gli alac Ÿ 
Jai) pi ,Y1 -4-1 
Ca au 3 all ÀAS Ci sue Cons AS Al Gé Al) Ale (5 5iai Of Gas 3 aull ares 
À 3 (Freeboard ) gl Yu À) ALAN Aâlall oûa (au, CI NN 9 5 pimall ia 5 lall 
— glgaNl Gui) pige Vi Ja qu audi Lei (3 58 eLall Glné Jan Y (Sins 
. Gall 3 all ile sun 3 JV (ll fs us 5 jaaull obe grlau ci 595 
Ggnial Aill Lulës 54 5 (Normal Freeboard) «salall jai gi V1 Ou jai Lin s 
IS ose Cu JAN Gguuie 3f cmnall Lei Ligue Lis) 86 sac 3 jrnull AIS (à eLall 
V1 all gi NI Lais( Olill e jai anâiuy 8 padll aps Ge e js OS 
8 sil (8 (abe Y elall GS que QI Anis Cal&s sa (Minimum Freboard) 
(6) Je (Araaill Lauill se ÉG Ge all) 
Que JaeiYl Ge aull Alast Janiÿi Ailanll pie Ailes Gigunall jai gli NI 
All (3 58 eLall sé 


Freeboard computation 
heighst level=crest level+flood height 


CRD 16 au case 


crest he 


Dbill 3 guie s cpadall ai Giquie mms (6) ill 


An sal gi ob de g8 all pUi Yi Cie çà plodil chi CASY sul dif 

À pus (Fetch  ) 8x huis 7 UN Gs ualaïll Dh le aies Lan MS 5 À sall Josh 5 
ue ag ile use dl Lalla di hui, ui 
aus ei Aus À 5550 La 54 Jill (laïll 5.8 jsui 3 gasall audl y 5se Ge ghl 
Da Ga À Jial Bañse is QU Anill 3 le oulaï Job Gal le As po 45 5 315 gs 
MU ag Ti jé Gui cf ua ji ul 

gs Ja col cu 25 

«5 DS all glæill (aus) ges pli olails Laséine au 5 aull jose sie 4, jLiial Le Ass (ie 

is 6 Cacleë JS Ou (15) À a Le sage duils Ge au 53 (Central Radial- 
.(7) SL mms 52 LS 


Wind 
direction 


Central radial 


\ 


Section À -/ Dam 


Radials for computations of effective fetch 


Jill cubaill J 5h dilus (7) Jill 
Lait pli 358 Lu) con gll ou les OÙ Cu JA 5uas OS dus dit Lis Aa li Guns 


St qulaï dal qe qe 5 cf chaaial cya Less gel if etait Gi fige ul 


: AJ All, (fe) dleill cobaïll J 5h ous -2 - 


Y À; cos ü 


L= = — 
A Ÿ cos a, 


Sell lûll ge (1) gtuïll 35 ais Sal apte inf) gluill db Ri dus 
dll jgse ce List LUS OO À Cul (à Ulaëll Culeïll J 3 Gibus DIS cigs ABS 


Gus Qills (Ts) Le sall Ce 35 (HS) Às gall #5 JY AI Eilusll (à Lagiss JSŸI Jai s 
AMI CYaleall (je 


AU 483all (je jiall Às gall Col Cuuss 3 
L =1567T2 


3 5 jpall À sell ls, AH À sell Ce js Jill À dll gl) Hs andTs ‘us 
(Fe); cilall glaull G à (m/s) & chili 4e ju(V) « Aus 91 uilall g jui (g) 
Jill calaïll JL 


New embankment section 
with riprap on upstream slope 


* RS 
Average length of 9 radii in miles (black): ISSN 
0.80+0.86+0.88+0.93+0.99+1.28+1.81+2.691:5.58 — 1.76 RS 
Average length of © radii in miles (green): 


LAS 
à 
3.45+3.75+421+4.63:6.00+5.43+0.95+0.88+0.82 X 


Average length of 9 radii in miles (blue): : 
3.20+2.90#2.65+2.52+2.40:2-3112.231:2.06+1.98 = 2.47 


QU Cilluall Ga SI JUisl, A list BU CG De alaill J le ana (8) Jill 


chi de ju On Luill Ole lil G 38 lyie ju Ge let ebdll 3 38 7h 4e pe 0 
(D Jill ax Li G 58 gl ll 4e pu AI Gitall hui (3 5ë 


(1) dsl 


Ratio of the wind velocity over water surface to the wind 
velocity over land surface (7) 


Effective fetch (km) 4 10 and above 


The ratio : c Ë F. ST 


minimum -sbe Ÿ| sLall Gi guuial Luis Lulès ) (0 Y1 jall gti JS Clust Bad 
Œbual sidixall LM 4e ju AE CI si PU ii de ju Ge 55 (freeboard 
normal -8s slec (a 5 8 paul, eLall Gi guuial Anuill, Ouläe Jsalall yat gi y 
.(freeboard 

4e dll J5b OÙ GNT SN pl V3 céalall pail gi ,Y Gill Lai: ABS 
li le Ho=1.67 Hs 3 Ls 5% (Ho) (oasaaill Às gall ga ji 5 

Li (ill zbull G Li Qu sic:(Wave set-up) -S-zl540) u258 
la Ludo (ilall phull (35 sg ass yeëll sf cisuill (5 58 Au ja ARE 3 mul 
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c\32Ÿl UE 385 Loi Con gl gaŸ| Le ei au (Sul #Lall chu G s Ua sell 
‘All Zuider Zee Ye Lu 


V?F 
62,000D 
D s (Km) cali SDF 5 (km/hne Gildll hall G 8 70 ji 4e ju = V 
. Jill S5 jialls ae Yi Qulaïll LS (5h pole Lu sidll (Gaxll 


S'= 


OÙ au QeleNl mâull zl3aVl LS) die :(Wave Run-up) -R-gi54Ÿ1 élu 
de slall ci gui s 4 gall 4e jus QI SELE Gludll jus gixll cle Slt Àa sal 

. À sal Glass Ge sell 

Às sell GLs La(O) JA ce le Jamal Ge valet ghu de R An gall (étui 
Lens au (9) JSill Ga tele chant (ill Lapillé Vel JE GG és gas cle 
(2) dsl ce dde dhasi as gli (je Jil dates, 
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Relative wave run-up, R/H, 


W (AMEN 
PV'AFRNEI 


Embankment slope 


Relative run-up of waves 
sul (Ale Yl méull Jial Luis (R/HO) conill 2e sell GLi(9) Jill 


Glui Qiluat GalaVl mâull Ai shs jbie YL OU availl Jales (2) Ja 
44 


Surface roughness correction factor for wave run-up 


Type of pitchins Recommended correction factor 


Cement concrete surface 
Flexible brick pitching 
Hand-placed riprap 

(G) laid flat 

(ii) laïd with projections 


Dumped riprap 
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el NI OÙ lasie Ho çoararaill se gdll gli Ji Ce Ji Ro le Lilas 1) ABS 
. Ho Âs gall (opmaill gli YU Gas 5 ai jall 


Freeboard 


Dam crest 
— 4—_— wave length —5#$ ——  — —-— —; 
Wove Height 


Embonkment 


SKETCH ILLUSTRATING TERMS 
si a > alice Cu (10) Säll 


AA AL gl EU el gel ce se5 EU pl saV) (Gui gi lg gage 58 pal gi NI 
(0.3-0.5 m }) Site) Ole gui alu Yl » 
Al Ji Lul Ji 3 saull Lil, à 2 Ge Ji Yi ces dis dt JG jai gi Yi - 
gnie (Qi costall all gli NI AL audi À Ci qui le Jynaall Sa OVI - 
8 sl ale VI eLall digue QU GNT ps gi NI 5 5 sal Xe sie Cu ja 
de Yi guiall JLual s 
‘(Molitor Yale) Lgis JS Lagf CYales êses 71 gel 5 y cils (Sas 
h,,= 0.032 JVF + 0.76—0.27 FU4 for F < 32 km 
h,, = 0.032 VF for F > 32 km 
Dial As sell li -hw - 
et calaïll UF - 
4e ll A gb de ju — V - 
sé JA (GG HIL jadi FUN ii 
AU 4all ia ysll gl »Yl Ji Cas 
F=0.75 .hw+V/w/2g 
Vw=1.5+2.hw 
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AUD ill zlseYl Lil de ju -Vw 
Dit lol gli -hw 


Jill ail gli VIF 
: LG jaYi Baaiall GUY gl Li 9 5 31 Lite 


H = 1.5 (1.540-5 + 2.5 - 40-25 


‘aus 

- el Dal gs IH 
gs die Lilée 3 jaull LUE le ÂLE del QU all jose (je UlieYL Aéluall- d- 
all 


glgnl pulés Qals 1 audi Lei à 55 Sas A3 3 ælsaNl DÉS Ca CG pli Las Aaal 
HS ping 38 Les 


Figure F-1. Example 1: curved parapet wall, maximum protection against'wave action 


salt ail Joy sil De IN aid glsel pulé (11) JE 
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"Aia| 
J'sbi 4 Jia Ai le 11 Jlaill Gala gl quant (12) JA puis pall au 


ESFE AL 

Cos ai Ri (km) Ri.cosai (Km) 
0:71 L 0.71 

0.77 1 0.77 

0.87 1,2 1.04 

0.94 13 1.41 

0.98 1.75 1.72 

1.0 SA 5.2 

0.98 2.8 2.74 

0.94 3 2.82 

0.87 2.4 2.09 

0.77 3.65 2.81 

0.71 1.75 0.82 

| 59.54 220.13 
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2x; cos ©” 2013 
Cose = 9.54 = 2-11km 


Effective Fetch = 


Ja 250 500 750 100Om 
Juill Qatall J 3h cils :(12) JE 


Fe=20.13/9.54=2.11 km 

MEURT 
Que pl le 3 LaiKll 5h sill 43 gllaall AKLaull le all Ait 1 02 pell adies 
le dirius Adill 2 je nait Aulië sas À, D a8 55 Ya jail a stéal it Y1 
AU Lu Jill G JB 

-Knappen ile 

b=1.65H°° m 

Jialls sul gi Ji-H 

: USBR ill 
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b=H/3+10 ft 
all audi g 5 J-H 
Île Preece: e 
b=1.1H°°+1 m 
Jialls sul gli 11 -H 


920 lies Le pell à 55 UIY 515 Ai alice 3 aull àë se (AS Nil a De 


DETAIL QF THE CREST 
SCALE 60 


Jslull Ga 3s Ai jall au (ès pl À Alu Gun ( 13) USE 


‘gta 
A TE uit paie ÉORINT 
e 342= 5 ji XV Li gui - 
8 342.2 plie YI elall ca que - 
call Gulaïll JL - 
eS 3.66 «gitall si gl pŸl Ali -1 


2 AY al gli Yi -2 
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Les 150 çslall all gl YA JS Lubll 658 pui de ju - 
ON SU Bu gidll (Gaxll - 


e 29 çgilall jali gli ,Y1 AI -1 
à BL LAY ja gl jYI AA -2 


1:2.5 ç4eYl œâull Jus 


sui 


à 3 (Normal Freeboard) (gilall sil gl y) (gxll si gl ils - \ 
J Qasdall Ai Ci quie (in) 8e slas 8 pumall ÂÏLS (3 eLall Ci guutal Auuills Cul 
( Gbzasäll se A este 8 aill e> De 5 > OÙ ll (gilall Ca JS © guuta 


8 3.66= Jlaill bail U3b - 


Les 150 Eli de ju 


CEA BOPRERMIER PORENIER Lall 
cn praial Lulie- 53Y1 | Ci puñel (utile satall 
çoitasill all À dl 88 gLadll 8 pull 
uséall 
4 3.66 Jill ulaïll 
(es) 
#75 150 ds ch 4e ps 
(Le) sl 
(1) ds 1.24 1823 chili dates 
93 183.9=1.22*150 8 $ choll À pu 
Lu a8: 6 Lall 
25.83 36091000183.9 5 chi 4e ju 
51.083 Üfa:elll 
60026 FR 1.2 2.37 Jaaall &s sal gli 
Li F Hs (m). 
ET, 0.45 [S F 3.71 4.88 Ts (s) Às sall Ce) 
L =156T2 D'LATA 37.15 Ls (m) À sal UE 
Ho=1.67 Hs 2 2.37*1.67=3.96 À sal gli ji 
Ho (m) çarraill 
2/21.47=0.093 | 3.96/37.15-0.1066 | Ho/Ls Às sil du 
(9) Si 1.6 1.6 Qoaaill Às all (Lu 
R/Ho 
3.2 6.336 R (m) Às sall Gi 
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(2) Jsssil 0.75 0.75 À hall quasi (Jaes 
2.4 4.752 gsall À all GLuï 
(m) 
Rs: 0.018 0.069 (m) S all ue 5e 
-_. 62,000D 
2.4+0.018*=2.418 | 4.752+0.069=4.821 | Gisllall jai gli NI 
(m) 


342.2+2.418-344.618 


340+4.821-344.821 


(mm) all LG que 


gala gl ,Y AI 70 je ju cu Ÿl all El JM 7 ji de ju Ci ue jé #% 


Ho çopaaill Às gli gai Ca SI xl sal Glui-* 


rh LS olef J'snali (8 NI pal gli VI Ulal Hs,Ls,Ts Cus JS ‘ae 
Hs=(0.0026 *V?/g)*(fe*g/V?)°”=(0.0026*51.08312)*(9.81*3660/51.083 12)“ = 


2.37m 


Ts=(0.45*V/g)( fe*g/V?)° 28 =4.88 s 
Ls=1.56*Ts/=37.15 m 


Ji; 344.821 çgsbuss QI sù ul Aaël néixall Ci guiall À sil] 
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345.00 


(1) ts lis Gui agudll JS ei pudili 
Seepage through earth and embankment Dams (1) 


"Aa 


Jalæcl ais Alaall oùa 95 3 caull alëe Cul 35 lan CAS SN all à Cu JS Alec où pe 
Leall pes Ÿ Les à 2e SE 4 St M aff it 20 UM än 
MES 1 de à Ann néenNmmmanll 4 MOULES Lo agi Vault à 


AY jueoë Cu All Gus La just y Gus Ji Agus ani Can (1) Si 


daY!| ui Cy JS Quus Le juil $ Qu Jill Âge aaëi (1) ace] 


o à is 6 gli LS 58 À pri) LOUIS uns (éaluall Lanll (à Aa ll S\sall à 
Uiblus (Qi Jagus Ole à 9 Y Ailiall 


AU ui JA audi aus UJAla eball Ou es 

4 ji Lee ll Call Ji À ui Gi Ge Ji 4 ja Ge Aaitill 8 séll 3 ca puitall etall-1 
réal Ga  $ will cs puiiall sLall 5 Jo pe Ai ja Lil ALSII oûa 3 Cnil JS Las) ls 
gñ Ji 4S js ul y Sas ul NS QU ç5355 Gi Se LeiŸ ALAN oûgl LH YI Guns 3e Gala 
Jhesl le Jiiudll ui Ji DES Au js 255 dus Aie ; sugll AK Alu s3 8 jial 

(2) JS Este SAS hell eds 7 sé 


audi aux Jals QiYl JU Gus (2) JEAl 
Lidl je YL AY Ciss aaaill die 5 (ya je pan ui jiall À jt ab 55 Alec (l-2 
834 5 Cilaluall se 7 5 38 25 Ab sil lee Lil) 43 ji A 55 Alec elgñil Gus (ll cgabudll 
Lasie Y 5! ojall (y SH pat dllileaudl Ji jiul I sus élls ON( Ce ji ga Ulaill Lxszall 
A db 5 lee (ei 

ghau da quù 56 À 5e (fs 8 pahue ju Âilac à 5 junall (3 6 atèall sLall Gi qui Lou Ci -3 
el Cf, jf As pass Ma 5 dll as JS Ball Qilé QI 6535 8 jamall (à elall 

8 jasall (63 elall Doux ee jus Qudis Gus jgll AG ay Ÿ aulls ill juell (JR à 98 gall Gi puiall 
gésll Glel Jelee Qais Qi ç5353 a 3 aull ll ilall etait 5 el (à Aaul sta 5 
sul Qalall 

elle sys (abc Las OR QI (os ( caluYl Gus) all si ui Mi Ci LS -4 
all issus Qui Las ns sull Ji ut AI Long all Ge 3555 (ile a) (558 is 


(8) JA ph 


G=weight 
U=upliftpressure 


Lai luVl dl le (ile à y 5 US UE Can (3) JSäl 


Dé) Gllie ide Ce si (uilaie) ist 3 le Ge Du 3G À! US all (as jall alaëdll Cj 
SÉRIE 5 po Ge És  (chlets 


Qailais du JS es juil 
Seepage through homogenous dam 


âge Détail 63365 LS 3 paggll AG Ç gpl pu Las qu fre pull Le 
sul phil Aausigl eV (Gas ut Ji das Cibdilanl s gs Ol.(ç5.52 dau) Jénall tu 
âls 438 UN ll Laiyy Aaule ut ji Las dJéul Alidll pas y, 41 AG all À Jill At us 


gl Gblus (à 0 DE age OS ge pli Les (3 58 À paul LOLAIL ces eball ; 6 (Lun) 
AU SAN al (pheratic line)æi x LS ssl 


Bai co e08 pas 2 ts (Aa fat 1 con uatill bal à 2 1 


Dh lo JA Aile bus 
AR au) (à Urcbuu 9 Sudtin s pugll AR à le Yl Gb pal LS ça Zûù Ji Ls-2 
Ali 3 pugll 


ls (psp la 3 ul Cali mâull pe 4e sac (je SÛN le del mû Ji LS ans5-3 
(sloughing of the dam}ä Jill il sil aial 

Mie AË se pli Âliledl ais mû il LS Gi(Kozeny) 533$ Cn ais sal le (uilaie au 
a (— 72 SET) ex s:) Sisil du eÿ 


d=0.3"S+m'hf+b+ n(H+hf) 


Homogenous earth dam on impervious foundation 
DS aus il bé ques (4) il 
: (Laminar flow) is © al Us, all À 5 Ces olsall ÀS js cas 55 


3 


V=K.] 
us 
m/s 4 il ils Jalee — K 
m/m GSlsuell # oxill -| 
m/s Où ai eu -V 


is) Aaulll Lil) ii La y icls alhaëll (3 ps ÂLG à (x,y) Célas VI fase ais ss 
SHENall all Ce Jgdall sasl s JS À puiiall olaall Cas jui Qilus Se (oui il LS 


q=V.A=K.L.A 
JS 
d 
a = ky4x 
(1) 
ani Sal) a JatSi 
2 
We À 
nl 17 à C 


(2) 
C=-yo/2 ul s3s5 y=yo 5 x=0 dei es (4) JS Ji, 


sai all Aie Juill; 


B 


LL où 556 Quus hill Ailes Qi dll 3 

(3) 
Le 2 
 =2%xy + 3% 

X=-Y0/2° y=0 Jai C5 Y=Yos X=0 dal (a «si hall Sililast QU élli 


ras (3) Ailadll à 3 Qi x? ia 


X +2YoA+Y EY +X 


sl 
DE + = (x + 3,)° 
(4) 
. eu )5S gdaël All Alilæall (a 5 


si (4) led Jill, X=d,y=H Lol jiels aull abèe QU Jill s 


ai (Silall ahull ga où 55 adaë ARS Ass (y Goal ETS Ci séloail ES as 
A 5,5 anal (65 elall zlu pa pédleY mâull ALES Ce 0.3S 3f (ealaNl éull a (je 0.7S 
sull mû ga (ilall gclaull RS (je 0.3S ei (M ADI Lie je d Aéluall cà jai Oi CS 
Ailædll je Quusi Gill Qu j5S ae Ciélant fase (AI Cala 


d = (0,3 m + n)°H + (m + n}he +? 


sLall 85 1 seû H Lai s CSN pcâull À 51 5 JS ns cale Yl mâull Je di 5 US m jet 
Sal jai gl& ST hr 5 


DA Aa jh uaial Ga Gill mdll Ge où ji Ds p 5 JS Adi Ci coail Je JS a8 3 Las 
Si giull Ge gû ll ele 5 3$ Ai Ce Aéluall 6 je 5 (CH) SS Quus y 5 all ARS 

el Ce let a la plaie élus ya AI mâull Ge 7 à elall Gi él p=a+Aa jlaiall, 
OY 9. (esill Ge let Call mél Jb (de Aa sa cali) (lai 


Si OÙ Ses 


Si (4) ledll Jadills 


e1- (2-cos & + en 


Lee C1 JA 4e © 3ag YO) àlall bull (je puñ ji La y 3 jé prauu Y ail juiol y 
Gi ph ç5 ne pes Sn Le coll ll grill A Et pulls Ailà (Al 
à pal juil sal > 90 °s (horizontal filter) &Y1 à pal 3] Jill 4 =180 ° ci 

(Rock toe) à y»==1 


A prall (5 gine due À 31 5 3 Là jaall Eat Gas pus 3 QI JS 


dam body 


30° <a < 90° 90° <a <180° œ = 180° 


C5 jumall (ja Ailise JIGEY ca jodll 45 ne die Ca (5-a) JSäll 


A, aq © pal (5 ie due 915 pe ll Aa cit JV) ai (SES Jië Ge ai ail 


O e) 
(fou de SEL 5,300 5 0 


Overhanging slope 


30° 60° 90° 120° 150° 180° 


Diagram for determining Aa and a 


Correction at the discharge point of base parabola 


Aa/(a+Aa) 5 a üs all Ces ll J ssl 
uDsS Quus lait ALES Cisi Ag éludll Gil CH DÉTS sai oudai Se les 
. Lu Ogs (isie Li us bé ge leloss 


Aa 
Values of — for various slope angles (a) 


can be computed by 


a+ha 


interpolation method 


DAS LS 38 (éalaYl mul ; Ain s jugll AG LS Glel ja mû LS Ci jiels 
et 5 pe 5) ali es Où est LS psc ele cles L3 Of Giss Lea 5 
eh DsS LS ge (bail Ju 


AU Ain jeill ASMall Ce Aa Aéludll jai (Say Li 


: a lust AU al) ani Às » 30 Ge Oil 4 3 5 


a = ,/H2 + d2 — /d2 — H2cot2a 


CG Gas ge ji La (je OL rate (Al 


2 A 

#9 PRE EE |A Pa 
2 ee, 2 à 

NS - Jos = = Ks° Yo 


GDS bé can (7) Ji 


as 15) Ge till Uiledll # jh 


Hs i Cukë si Las (uilaia 

À LAN Ge Av) Ati NA. 

se (je Cilgall all 6 les 3 5 Ai Ciles o3 I Ga pla de agaull els À jle 3 Aagule onu 
A SUN Ce AY) Lil CES Qu Lilas GG OÙ Giles 15 Lai o sea (gäll sal s 
Jué Lu y aus Lille) (Qi séläll LATYL lei DSi CSV LATVIA (565 Le Bale ligis 
mi LS au lg Luilaie aull 536 OM AA jai Lens Cpaë lgso, (Ads sl sà 28 34 


Des db, Gi juill Ji gs 3 Ce vuilaie pile du (Ai Guilaidll jé all di ssi Se 
nil all 48Y| ailes Y| 


M 
" Cus 


2 A LUN Jabee : Kv 


AY LA Jeles : Kh 
(8) SL gun ge 58 Las 


HAN AE Quai pri ji LS Li s 


q= K [{d? +4? -d] 


ASS ja Œuun À ile Lil dus 


A LE Ge Cabas il ôlai çeù ul AY AVI ni Cou (8) il 
« Ja 


Dalul çgle ou all s (9) Al pra all (al ji auall JA qui ji ÀuaS ua 
(A AU Cdlea ; JU le aus pe aull Auunigll ALuŸl Gi Les ai 


, Kh=4*10-7 m/s : Kv=10-7 m/s 


Ke-46.16—ple— 60 —»! 


(a) Original section (b) Transformed section 


All dimensions in metres 
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(b}o säall all ; (a) he Yi aull slt au (9) US 
:Jail 
use HA QI s LAN) CARS YU AÉteie jé 9) luilae jé AUill (jf Les 
dalæe anis ABIYI des Ÿ} Co ja iluall 4 #Gal JAN A LS YT JEAN da ai 
AVI Lai Jales LI Al ll Asiaïll 
x,=x (KK, =x414x1077/4 x407 =%/2 


sci o gall al) ali I Vi, 


d = 46.16 m and À = 57.5 m 


K = VÆ:K, = V4 *x 107 x 1x 1077 = 2 x 1077 m/s 


K (Ja? +R? -d] 


© 
il 


= 2 x 1077 [,/46.16? + 57.5? - 46.16] 


= 55.2 x 1077 m°/s/m 


:(itise ) (Uasilaris JE Lu da =? 
ls 5 ds OÙ Se (Gil s cuilaie je 9j (AS y au ja ill NL Ge 
ÀAuS 51 gù (als ) du Lay el 7 D LS (ul du (ja © juill 73 sai CA 
JaAl&t all Jasni dis Lin auall CaliS| Al (je DÂs paual 81 ill Asatas Cul llâc 

ŒUSI A Ja ç5 KD/Kk aille all A Yl LYC js cuilaie 73 sai GI 
suli Cpacs pui I Qu 5,(10 ) QI JS Jai, KK 81 säll A5 Jalee QI audi KD 

LAS al) JS pu ji où ji La eiélast Lei se CLS aull pus œû il ç5 slus (ol LS älSall 
A all 51 säll pue po pli das (03 salée jui Ua Jnsys eYt JR Jon ai 
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TRS 0) FRITES 


PRE 


(10) ll 


Les JS Cd sl sil ils de alS J cyan eä ll Ole 5 KK/KD>100 GS IS Lay 
ele Ciluiss null Cas Ca) débis ON 51 Si SIN réal Ce elall 7 5 3 die pi J L< 

Ci jus pi SN 3 aa] 51, ils Ce un 55 ON ill dal je Jul] dus ÿ ON Ji 
tu aus 7 ls A 


: ba 

s(SKall dll Slesl ds 4 «(11) HS colis! ge sall 5 À ÿS pa l où AUS il dll 
O! Le, JS le ASS ga AS YI aull alesl (ii Lale en pull ji des 3 Ce 
2.5 5) sill AL gidll 1SLaulle10 m/s élaills 19” m/s all CAS) silés Jalæe 
e 
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(11) Si 


Ji 


Dans els 3 au RE TRE RC A | 5 Ca dla, 


: Lili aie Ail@all ALaull must to=1 m Aaill aie 51 säll ALau jui 


ul 0-12 4.60 
6" ok,” 10-05 = 1000,00 n 


UN die Aa ASLaull œusi tu=4 m Jul (à ÂSlaull juie is 


Bee A 
2, DU en 10=2 PU TI 


Ds Lis, (12) JS phil à 4110 8x til 2 je 5 à 1005 4.Kall Aaëll un je grues 5 
: çgi Buaall sul 


( 


gAlaYl ul (je mn: _1558,9 Es 65,0 
À 24,0 


élalde n = Line = 64,4 
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ue ms = nn ul «AKall gsiall 
sul | LeYi ail 


(12) SI 


(13 JS Qle aus pall qu ji ds has Alige Aie 3 die JO 5 paul (à eLall Cu JS au 


LS de Gin a DU Ge pi Lis 5 € Ce jl pe CAS prbnall oi où I LS anis dus 
ins pù ji LS Ci lia Jobs (ol sell grâull 3! ca pal (A œù ji 


ei) Ls 
tæt pos de ELENI gs 


Da JII ge ul aus Jai pf ji Aqua auf plus (13) JS 


ce(13) ill il shneider Ne Cuus Xtiall Cuusi y (ya 5 ga ÉLaYI Âge ati 
8e 


2-h-k; : 
Na | 


Lt — 
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ton ll Lis g UV des aa Xt 

el Gus el sell Jynhall IN Cildludl ass Ge s jaliena 

D jaill as Ce Ce Il t 

all Auitài Jalee- Kf 

dll 8x 25 j>-b 

‘Ati shneider 4e Ge «(14 JS) AN mèull A mè LS Jui t} well Quuss 


Na 


Li, — ER. 
e 2-kç-h 


Gil gl Qi qi ii La & 5h14) il 
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(2) ts lis Gui agull JS ei pudili 
Seepage through earth and embankment Dams (2) 
Âialai Âlila 51 gi ma) guilaia jé du JS mil 


Seepage through embankment dam with upstream slopping core 


G 58 Alaall Ab (Jlaat (Sas CEST o3gl ri LS das au Sl CG NI La Gil 
D jui, All 5 sil Cjers û ji Alec ul pal ge qui Ji Aile (le (Jagall La ja Alle 81 sil 
els lle Al cul ALI 51 sil cini sul CaliSI lues, ie 9, ou js Clé eu leil 
31 gl Cpauss pri ac le aull Elias, Jél Jaal (Sas ait 51 sil ia Ce JG 

sb 3 811 JS xù y eldll à Px=Yw.hx sa X bill se ill Lelll i jets 
Aallell Aucludll Gun ç sal Ball à ju dus LU gall Ge gs tx Ni Ga jh 
Gus Alall 81 ill JAS di puidll el ls jugll æ paill jé délire Auhsll cites 

: a (15) Kill 


AiLli 31 il JS Gill Lélall HLsi(15) JS 


h.. + a COS & h 
: 17 br 


:(L6) JA Là LS Ax diludll JS zù ji dus GG dll 
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be | 
Aq = k,: 4x Œ + cos &) 


Aie 51 5 JS qi ll cou (16) JS 


a gras ailes ALAN 5 sil Ga Axglais ja pot Gibus GUN JS Que pis 
Aihsdll ablidl ù ji 


ge JG Qlel lesilài silo) aull iles , (jar 48 js ais Lili 515 Cyan quil ji elall 
Sul aus ge QI dl 5 (sl sill 


hDsS d AN 480) Jlasiuls Quuss LaniGll 81 sil) Jist des (Rial h1 elall (ae Clusl 
: LlSh1 dx 


si X1-X2=L els 


A. At 2 
h, J K + hs 


(Sa 595 ga) vuilaie jé du JS pi ol 
Seepage through embankment dam with vertical core 
Jill je) À 3S je 51 où 35 a 5 AasiS Bac lé le du Lual ail 03 ji oil (17) Sill Guns 
si de sto elall zu mie Lyiélauf, O5 ëile) Lu (Gael aiSll GaluYl Qu jet (Dia 


les (K1<<K2 wi ) 815il Ali Ce JG el Ailas Ciis iles ) 81 sil Cite Ge 5 tH all 
(ail bus, JS d'age Lèlall lus) ball (Gaec (5 st 8h sil Ge (éilall Bassit ( 


AUS) ll ciges b | 
+ . D È (US) ddl Cite , 


25e DT M) ds: 


AE Ga Qu lo Me alaiuls Quuay 51 ill pi je Ax Aéludll Ja ay puaill Ml 3 


x 
br 


Axi À jai iléludll JL qi il g gage Ga AI ù ji us 


els y Sidi 3 AI AEall slasiuls Lilas Sa 51 sil calé oluall (lue 


Ag=x, 


as X1-X2=L els 
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h, -7/4eL , 2 
1 2 
Ki<<K2 Lallls age 81 sil Cas all élues) Jéb Gi 


ch Jet bu ll all slañiuls ii Auf clus sie Al Ain, A le Janll (Sa 
: Bug Sls #8 5 all Jsb Ge à LUS H ail 


H 


JL 
mn Es . CH 
1 à ÀnËl ji oliall cas ji ol 
q = l'a x 
m i LP + x 


Sll wû JM Aus Al s Quilaie au Qi Guïlaiall jé all lei ch 325 Lay Sas ‘Âiadte 
Lilu 7 pi Las » éall 
shall Gall 9 audi HS pui ji Ânas jui 


AM au js Ve plasiut CR aull Gulul je poû il 


2 H 

q F k; T nl 

Obs Le JE Con dll Ge ani n delall Léo Nel Ailadl 550, ms (18 ) JS 
AU Jsaall Ga 5 58 5 L/T Auill ab 58 56 Lkes sul; pëY JE (AI Lk des 


dj Gb Ge p.q coll Aëlull Aaleall (85 À gunall Gi pull ZuS Qës cils CS HA 
: JS AG Aëlull Maledll (8 Las sdlauus 
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_ Kem H 
PAS Se To + To) 


Laëll (je Au a 5 p.q aëll QI juil ès WE Ce Sas QG Ball JL Go dll, 


or 
US Te n:p:q Lr 


.(LT+LK)/T Auill Jar Gulli J'asll Ge Ga n ae J yasll 


(Se 51 35 aull)uelel Las ssh 358 9 catuYls al Gas mù ji Qilus 352 (18) JS 


z jaill H(19 SA Là LS) Lai Balau pa À pue ga Aie LG 3 3 je aull GS la G 
: ADall je Quuns (KI 5 pugll 


> J gasil Cye Anuill Cius Bin Aa 9 


Lin + m°h, 
T 


: ob LS (q=K.A) Qui De (Gés shall Baal sl culuYl je quà Ji Guns 
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(die Ajclal 81 553 all) selel Lai Sith 358 93 uluŸl 3 all Gas mi ji Qilus 73 gai (19) Eli 


- As Na 


: all Leo QluYls aull aux je Ca purill uns, 
q=q1+q2 

PES celuÿl Jiel al je © jll: qi 

ei dll Jiel Qluÿl je © juill: q2 

cel D du JS Spalhss 9 pigli À pd 


Qle allée Al hill se ASudlina 3 joug AS aus y Say qu ll as Bots 
: D} jte YU AY] ge 5 Lai Sao là 


übs LS Glel sa pui ji Rs. 


Obs LS Gnisl $a All Elle 


US LS je bliall dis Ci jui (oil egalaŸl âull- 
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(ecà pli La die O= élit} ji Le au 


Ah À gbuie ol al êae QU audi calé 4 All ns CIS Léliall (3j amuëi 2 oo 
ill Les pe abliil (5 sue Dés La (JS mc s 


LA me sas Ai Eli 


Le plates io, Mile DE D Tai eLtis Ali: le 4 o 
Auisia Cle je JR Çe sluiall LéLSl L DS ge b pall 


Sas ls œull aus ie pui ji def Clus (Ses Audi 3 jagll AGuäll rare des s 
: Gall JL 


Q=k.n.H/m 


hill Asilall (5 jaall se (fai ns Da CL qu de Ji m us 
m=6 :5n=4 üù (20) SA 


As 50 le Quilais ul Alias jugll ÂGE Cu (20) ill 


"sa 


D AI cl pal has datise Lilaill iles CuitS 4 à 585 Cult le dit ul GS HA 
All) QU Cal Dial Lu OI, 27 JS Bi Citdll Guy hatill all sie GB pi 
16.4 a (21) SL all 


22 


CES 


k/k = 764 


Gala sale ÿ Auall Sube (ju Jaalill aall ie Où all de jhat oil jail(21 ) USM 


Al à Cblll y duatill LA jai de Ghall Lyls Cal pal ous (22) US 
. lilitall Lalill 


Lila) lise Gil Cu Jalill all die Gb jalt L JS cit sil Cu (22) Si 


datill ail sie 6 at LS (jone Ellis 4 LOLAÏ slash Gus Cu 9 


suall AIU QU Audi coul Al Lai Quun qui Ji ds pése jui pu y (23) QI USA 
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aué5 all AU (ON audi (plat ANA Aus Gus pù ji LS pige ptimny( 23) Jill 
sul) Galuul s Audi Cyan pui si dilas Se lit 

LOaauË (ll ai aubul ; all Je Ai Ge till, ail GE à 

Bip Colul és is Clin 3! Giro Vin  aile)e qui I CSSS st ai Gb-1 
(38 ) Aile Aie lai Apalal 


embankment Ailall Ailise (3Llial paul} Jaull aus QI As (sil elalls Sat G Ja-2 
Jl«ips 9 sChimney drains ls ji Lil jé AL zoning 
(&l... cu peai 

: dla 

Si ga ça Cale Lealel 3 agi} 51 sil calé null JE Ra auuall CUS VAL elisl gui gall AL 51 gù3 ça pli all 
ail LS ge ds © sllaall Üa»107 Aôlé Jales ls All 51 sill ges, Ü/aw10? Aiilai Jabra 83 s8 
dus el le ce 3.5 JäuYl çà ÂSlaull 3 à 36 aull alal eLall ii y dl Cale JA aull je ui jll Âuas s 
h2=0.5 m; (a=18.41 deg.) «sl 1:3 Alitali 51 sil 


FE0m 


=; 7 
tH=35m=/2=77 
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Jai 


(16 KA) A xls JS 61 jt eus J QN 16 SA 5 Sil bu au sl 
SÙX ç Bill oûa die Ale) Cut ÿ Le LAN Let Crus Lai ses Cul éllis 
tAX=25.8m tb 


ll Jell gilill eu 


Âq = k,: 4x GE + Cos & ) 
x 
h x. - I 
nn 


CITES 
|__Din | ER 


FA 
Do) one 
22 
m0 
F 


- 754,510 m°/s.m 


© 
fl 

M 

[S 
Fe) 
ll 


: hieusi Ait Aile asia dia s 


D° 
il 


ae21, 2 
4 V 2 + hs 


ET ss (1 : : 
2 . 12 
h, = 0,724 *10 2 209,43 , 0,52, 
1-10 


h1=1.85 m 


en paill LS gi ge quai ai lâgs 
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to=1m 


AXx =25.8 m 


CX =1841 
90-%X = 7159 


2.87 
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